INTRODUCTION
The vasoactive intestinal peptide (VIP), a highly basic single-chain polypeptide of 28 residues (Mr 3326), is a neuropeptide which belongs to the glucagon-secretin family. First isolated from porcine intestine (Said & Mutt, 1972) , VIP has been found to be widely distributed in the whole organism, where it regulates many biological activities at the peripheral-and the central-nervoussystem level (for a review, see Said, 1984) . Specific receptors for VIP, functionally linked to adenylate cyclase, have been described in various mammalian tissues, including brain (Marley & Emson, 1982) , liver (Desbuquois, 1974) , intestine (Laburthe et al., 1979) and pancreas (Christophe et al., 1976) .
Receptors of high affinity for VIP have been also characterized in the human colonic adenocarcinoma cell line HT29 (Fogh & Trempe, 1975) , where VIP is a potent activator of the cyclic AMP production system (Laburthe et al., 1978) . The increased level of cyclic AMP triggers a subsequent activation of both cyclic AMP-dependent protein kinases and cyclic AMP phosphodiesterases (Marvaldi et al., 1979; Mangeat et al., 1981) .
Molecular identification of VIP-binding sites of HT29 cells has been carried out by covalent cross-linking experiments, using the homobifunctional reagent dithiobis(succinimidyl propionate), on cell homogenates (Couvineau et al., 1985) , crude membranes or intact cells (Muller et al., 1985a) . In these studies, assuming only one '25l-VIP molecule cross-linked per polypeptide, a species of Mr 64000 (67000-3000) was characterized. This component behaved like a high-affinity binding site for VIP. On intact cells additional minor species of Mr 31000 and Mr 117000 were also labelled.
Recently, covalent '25I-VIP-receptor complexes were used to demonstrate the glycoprotein nature of VIPbinding sites on HT29-D4 cells (El Battari et al., 1987) , a clone of the HT29 cell line . The Mr-64000 species is a glycoprotein with sialic-acidcontaining N-linked oligosaccharide side chains. The glycoprotein moiety accounts for 20 kDa.
Cross-linking experiments using homobifunctional reagents have two major disadvantages: (1) incubation of intact cells or membranes in the presence of high concentrations of cross-linking reagents may lead to covalent links between the radioiodinated ligand and proteins different from the true binding site or between receptor and neighbouring proteins (Ji, 1983) ; (2) incubation of intact cells in the presence of cross-linking reagents could induce perturbations of the dynamics of the membrane and therefore obviate studies on receptor cycling in the cell.
Photoaffinity labelling is a much more attractive approach with which to study the molecular structure (Mazella et al., 1985; Shin & Ji, 1985) and the dynamics (Berhanu et al., 1982; Oka et al., 1985; Huecksteadt et al., 1986) the ligand to its receptor essentially occurs at the bindingsite level. Thus non-specific labelling is prevented and the dynamic capacity of membrane is preserved.
In the present study, 4-azidobenzoyl (4-AB) derivatives of monoiodinated VIP were synthesized and used successfully to photoaffinity-label the VIP receptor on intact HT29-D4 cells.
EXPERIMENTAL

Materials
Synthetic porcine VIP, VIP-(10-28)-peptide fragment, glucagon and bovine serum albumin were purchased from Sigma (St. Louis, MO, U.S.A. (Fogh & Trempe, 1975 ) (a gift of Dr. Zweibaum, Paris, France) obtained in our laboratory Analytical procedure. Analysis of reaction mixtures was performed by RP-h.p.l.c. as described for purification of monoiodinated VIP, except that a linear gradient of acetonitrile (10-50 o over 40 min) was applied.
Amino acid analysis. A 1 nmol portion of each freezedried peptide sample was hydrolysed in 400,l of 6 M-HCI at 150°C for 2 h and analysed by standard methods on a Beckman system 6300 amino acid analyser. In some experiments, the gels were fixed, stained with Coomassie Brilliant Blue R250, dried, and then exposed to X-ray film (Fuji) for 3 weeks.
In other experiments, radioactivity into the gel was quantified by cutting 3 mm-thick slices with an automatic gel slicer. Radioactivity contained in each slice was counted in a y-radiation spectrometer (Kontron). Endo F treatment of photoaffinity-labelied polypeptides Endo F treatment was performed as previously described (El Battari et al., 1987) . Briefly, the photoaffinity-labelled cells were solubilized in 160,1 of 0.1 Msodium phosphate buffer, pH 6.1, containing 5 mM-EDTA, 5 mM-MgCl2, 1 00% (v/v) 2-mercaptoethanol, 0.100 SDS and 1 % Nonidet P40. The solubilized material was boiled for 2 min and allowed to cool at room temperature. A 20#1 portion of Endo F [60 units/ml; provided in a 5000 (v/v) glycerol/25 mM-EDTA solution] was then added. Incubation was carried out for 4 h at 37 'C. Samples were then analysed by SDS/PAGE.
RESULTS
Analytical data
Derivatization of native VIP. When native VIP was incubated with HSAB (molar ratio 1: 1), analysis of the reaction mixture by RP-h.p.l.c. (Fig. la) revealed the presence of three major populations of derivatized VIP molecules (peaks 1, 2 and 3). These three species were eluted with increased elution time, well separated from native VIP. DMF Analysis by RP-h.p.l.c. of fractions corresponding to peak 1, after u.v. irradiation, showed a decrease of 800 in the A280 of this species (Fig. lc) compared with the same amount of non-irradiated material (Fig. lb) . It has been shown that u.v. irradiation of HSAB induces a loss of the 280 nm-absorbing property of this molecule, owing to the activation of the azido group (Hazum, 1983 ). Thus we concluded that peak 1 contained a u.v.-sensitive derivative. Similar data were obtained for peaks 2 and 3 (not shown).
Amino acid composition of 4-AB-VIP derivatives. The amino acid compositions of the compounds corresponding to peaks 1, 2 and 3 in Fig. 1(a) are given in Table 1 . Each of them possesses an amino acid composition very similar to that expected for native VIP.
This demonstrates that compounds 1, 2 and 3 are indeed VIP derivatives. Since the amide link between the camino group of lysine residue and the azidobenzoate residue is labile under the hydrolysis conditions used, modification of lysine residues could not be detected. However, the more hydrophobic behaviour of compounds 1, 2 and 3 during RP-h.p.l. Competition curves are presented in Fig. 2 . As already described for HT29 cells (Muller et al., 1985a) , the apparent KD of native VIP for its receptor on HT29-D4 cells was 0.6 nm. The 4-AB-VIP derivatives were also able to displace '25l-VIP with an apparent KD of 2. Fig. 3(a) (molar ratio of reagent to reactive amino groups of monoiodinated VIP plus BSA 5:1) and subsequently analysed by RP-h.p.l.c. to demonstrate the presence of photoreactive derivatives, despite the presence of BSA in the reaction mixture. The profile of radioactivity eluted from the column is shown in Fig. 3(b) . It was quite similar to the one obtained by derivatization of native VIP (Fig. la) 4-AB-VIP as described in the Experimental section. After u.v. irradiation, the photoaffinity-labelled cells were solubilized with 1 % (v/v) Triton X-100 in the presence of MgCl2 and proteinase inhibitors for 20 min on ice. The whole solubilization mixture was then subjected to SDS/PAGE under reducing conditions. Autoradiography of the gel indicated the presence of a single photoaffinity-labelled polypeptide with a Mr of 70000 + 5000 (S.D., n = 13 independent experiments) (Fig. 4a, lane A) . Similar data were obtained when the gel was cut with an automatic gel slicer and the radioactivity of the slices counted (Fig. 4b) .
The labelling of the Mr-70000 species was completely abolished when incubation was in the presence of 0.3 4tM native VIP (Fig. 4a, lane B; Fig. 4b) .
In order to demonstrate that the labelling of the Mr-70000 polypeptide was not due to the presence of BSA (Mr 66000) as carrier protein, we treated the cell lysate with Endo F. This led to a 20 kDa loss in the Mr of the photoaffinity-labelled polypeptide, much like that already described for the major Mr-67 000 cross-linked polypeptide (El Battari et al., 1987) (Fig. 4c) .
Control experiments were performed either by using monoiodinated VIP instead of mono[1251]iodinated 4-AB-VIP or by omitting the cell-monolayer u.v.-irradiation step (Figs. 5d and Se respectively). In these two experiments no significant labelling of the Mr-70000 polypeptide was obtained.
The specificity of the photoaffinity-labelling reaction has been investigated. On the one hand, incubation in the presence of 10 ,aM-glucagon never prevented the binding of VIP derivatives to the VIP receptor, and the Mr-70000 labelled polypeptide was fully recovered (Fig. Sb) . On the other hand, incubation with 0.3 ,sM-VIP-(10-28)-peptide fragment, a concentration that displaces 25 % of 125I-VIP binding on HT29-D4 cells (Turner et al., 1986) , slightly decreased the extent of label (Fig. Sc) . To further demonstrate the specificity of the labelling, the reaction was carried out on MDCK cells, which are devoid of VIP receptors (Muller et al., 1985a) . When these cells were used, no labelling of the Mr-70000 region of the gel was obtained (Fig. 5f ).
DISCUSSION
The molecular characterization of the VIP receptor in various mammalian systems has been carried out almost exclusively by using the covalent-cross-linking approach [for a review of the different results obtained, see Marvaldi et al. (1986) are used, they could diffuse through the lipid bilayer of the plasma membrane and promote covalent links between VIP, VIP receptor and several other polypeptides, creating multimeric VIP labelled complexes. This could be the case for the VIP-binding site and the regulatory subunit of the adenylate cyclase. These two components have been shown to be very closely associated, since 'they are co-solubilized from rat liver plasma membranes and eluted together after gel-filtration chromatography (Couvineau et al., 1986) . The presence of the affinity-labelled Mr-120000 polypeptide on intact HT29 cells (Muller et al., 1985a ) could reflect such a phenomenon.
(ii) Proteolysis or deglycosylation when either crude or purified membranes were used instead of intact cells. The Mr-56000 cross-linked species, characterized in rat liver, was probably a proteolytic cleavage product of the Mr-80000 cross-linked polypeptide (Nguyen et al., 1986 ). In the same way, the Mr,49 000 cross-linked species, labelled in HT29 membranes Hence it seemed reasonable to consider that the Mr-67000 species characterized by cross-linking expenments and the photoaffinity-labelled Mr,70000 polypeptide were the same molecule. Therefore, assuming only one molecule of photoaffinity-cross-linked '25l-VIP per polypeptide, the Mr of the VIP-binding site can be estimated at 67 000 + 5000 (S.D.) in the present system. However, we cannot explain why the Mr obtained by these two approaches were slightly different. Cross-linked polypeptides should be run side by side on the same polyacrylamide gel slab to assess any differences that could exist in the migrations of the two compounds. At the present time we think that the observed difference is not significant.
In numerous tissues, two classes of VIP-binding sites, one of high affinity and low capacity, the other of low affinity and high capacity, have been characterized by Scatchard analysis of results obtained from competitive displacement between native VIP and '25I-VIP. Nevertheless, in a recent paper, Robichon & Marie (1987) have indicated that a single binding subunit was detected by photoaffinity labelling of VIP receptors on rat liver plasma membrane, although two classes of binding sites have been described in this system. Similar data have also been obtained with the glucagon receptor (Iyengar & Herberg, 1984) . This suggests that the characterization of two classes of binding sites does not necessarily imply two physically distinct receptor molecules. These differences could result, for example, from differential coupling with the adenylate cyclase system.
It has been demonstrated that VIP was internalized by HT29 cells (Muller et al., 1985b; Marie et al., 1986) . Furthermore, incubation with native VIP results in a loss in VIP-binding capacity of these cells , suggesting strongly that VIP enters the cell by receptormediated endocytosis. The photoaffinity probes we have synthesized allowed us to tag the VIP receptors, keeping (probably) intact the plasma-membrane dynamic capacity. They could be useful tools to demonstrate the presence of VIP receptor(s) in different intracellular compartments and to describe the definite traffic (internalization and recycling) of the VIP-receptor complexes within the cell.
